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The interactions of particles with medium may lead to a nonzero in-medium mass width of the
particles and cause them to have different masses in the medium. In this letter, we investigate the
influence of the in-medium mass width on the strength of Hanbury Brown-Twiss (HBT) correlation
in high-energy heavy-ion collisions. It is found that the strength decreases with in-medium mass
width of identical bosons. This influence are more significant for the boson with heavier mass and
decreases with increasing particle momentum.
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Hanbury Brown-Twiss (HBT) correlation, or identi-
cal boson intensity correlation, has been widely used in
high-energy heavy-ion collisions to study the space-time
structure and coherence of the particle-emitting sources
[1–6]. The strength of two-boson HBT correlation, i.e.
the intercept of the correlation term at zero relative mo-
mentum, should be one for a chaotic particle-emitting
source. However, except for coherent particle emission,
there are many other effects such as particle misidenti-
fication, final-state Coulomb repulsive force, long-lived
resonance decay, and so on can change the intercept, and
a λ-parameter is introduced to describe the intercept in
data analyses [1–6].
In the particle-emitting sources produced in high-
energy heavy-ion collisions, the in-medium mass mod-
ification of bosons caused by the interactions between
the bosons and source medium may lead to a squeezed
back-to-back correlation of boson-antiboson pairs [7–16].
For identical bosons with nonzero in-medium mass width,
they have different masses in the source. In this point,
their “identicity” in the source is reduced. Therefore, the
finally observed HBT correlation strength may change
for the identical bosons. In this work, we examine the
influence of the in-medium mass width on the HBT-
correlation strength with the technique of quantum path
integral of possibility amplitude [2]. We find that the
strength decreases with the in-medium mass width and
the influence is more significant for the boson with heav-
ier mass and smaller momentum.
Tow-particle HBT correlation function is defined by
C(p1,p2) =
P2(p1,p2)
P1(p1)P1(p2)
, (1)
where P1 and P2 are observed single and double identical
boson momentum distributions.
For a boson produced at the source point x with mo-
mentum p and in-medium mass m′ and detected at xd,
the possibility amplitude can be expressed with quantum
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path-integral method as [2]
ψ1(p : x
m′−→ xf m−→ xd) = A(p′, x)eiφ(x)
× eip′·(x−xf)eip·(xf−xd), (2)
where xf is the freeze-out point, m is the mass of the
boson at free state, A and φ are the production amplitude
and phase, p′ = (E′
p
,p) and p = (Ep,p) are the four-
momenta of the quasiparticle and free particle, E′
p
=√
p2 +m′2, and Ep =
√
p2 +m2.
FIG. 1: Schematic diagram of two identical bosons produced
at source points x1 and x2, freeze-out at xf1 and xf2 (or x
′
f1
and x′f2), and detected at xd1 and xd2 with momenta p1 and
p2, respectively. The solid lines joining x1 → xf1 → xd1 for
p1 and x2 → xf2 → xd2 for p2, and the dashed-lines joining
x1 → x
′
f1 → xd2 for p2 and x2 → x
′
f2 → xd1 for p1 are
possible trajectories.
For the event that two identical bosons produced at
source points x1 and x2 with four-momenta p
′
1 and p
′
2
and detected at xd1 and xd2 with momenta p1 and p2,
the possibility amplitude can be expressed with quantum
2path-integral method as [2],
ψ2(p1p2 : x1x2
m′
1
m′
2−→ xf1xf2 mm−→ xd1xd2)
=
1√
2
[
ψ1(p1 : x1
m′
1−→ xf1 m−→ xd1)
×ψ1(p2 : x2 m
′
2−→ xf2 m−→ xd2)
+ψ1(p1 : x2
m′
1−→ x′f2 m−→ xd1)
×ψ1(p2 : x1 m
′
2−→ x′f1 m−→ xd2)
]
. (3)
The two-boson possibility amplitude includes the two
terms: one is for the bosons detected at xd1 and xd2 from
the source points x1 and x2 respectively as the solid-lines
shown in Fig. 1, and the other is for the bosons detected
at xd1 and xd2 from the source points x2 and x1 respec-
tively as the dashed-lines shown in Fig. 1.
Considering the boson emitted in the source with a
certain momentum and in-medium mass, we can obtain
for chaotic emission,
P1(p) =
∫
dm′D(m′)
∣∣∣∣
∑
x
ψ1(p : x
m′−→ xf m−→ xd)
∣∣∣∣
2
=
∫
dm′D(m′)
∑
x
A2(p′, x) =
∫
dm′D(m′)dxρ(x)A2(p′, x), (4)
where D(m′) is the in-medium mass distribution and ρ(x) is the source density distribution. And, we have
P2(p1,p2) =
∫
dm′1dm
′
2D(m
′
1)D(m
′
2)
1
2!
∣∣∣∣
∑
x1,x2
ψ2(p1p2 : x1x2
m′
1
m′
2−→ xf1xf2 mm−→ xd1xd2)
∣∣∣∣
2
= P1(p1)P1(p2) +
∫
dm′1dm
′
2D(m
′
1)D(m
′
2)dx1dx2 ρ(x1)ρ(x2)A(p′1, x1)A(p′2, x1)A(p′1, x2)A(p′2, x2)
×Re
[
ei(p
′
1
−p′
2
)·(x1−x2)ei(p
′
1
−p1)·(x
′
f2−xf1)ei(p
′
2
−p2)·(x
′
f1−xf2)
]
. (5)
In above derivations, the terms that contain production
phase φ cancel out because of the randomness of the
phases for chaotic sources [2]. Clearly, P2(p1,p2) will
become the usual result for a chaotic source, if there is
not the in-medium mass modification (p′1 = p1, p
′
2 = p2).
Assuming that the production amplitude is coordinate-
independent in the source and the bosons approximately
freeze out at the same time, we have
P2(p1,p2) = P1(p1)P1(p2) +
∫
dm′1dm
′
2D(m
′
1)D(m
′
2)
×A2(p′1)A2(p′2)
∣∣ ρ˜(p′1 − p′2)∣∣2. (6)
For a Gaussian-distribution source ρ(r)∼e−t2/2τ2−r2/2R2
and with the approximation, A(p′) ≈ A(p), the two-
particle correlation function is
C(p1,p2) = 1 + I(p1,p2) e
−|p1−p2|
2R2 , (7)
where
I(p1,p2) =
∫
dm′1dm
′
2D(m
′
1)D(m
′
2) e
−(E′
p1
−E′
p2
)2τ2 . (8)
The strength of HBT correlation, I(p,p), is related
to the in-medium mass distribution of the bosons. We
plot in Fig. 2 the strengths as a function of particle mo-
mentum for φ and D0 mesons. Here, we take the source
lifetime τ = 10 fm/c, and the mass distribution is taken
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FIG. 2: (Color online) Strengths of HBT correlations of φφ
(solid lines) and D0D0 (dashed lines) pairs.
to be in Breit-Wigner form, Γ/2pi(m′−m−∆m′)2+Γ2/4 , where
∆m′ and Γ are the in-medium mass shift and width re-
spectively. At p = 0, the strength only depends on the
width. Because the average mass difference of two bosons
in the medium is larger for larger Γ than that for smaller
Γ, the strength decreases with increasing Γ value. When
particle momentum increasing, I(p, p) for D0 meson in-
creases more slowly than that for φ meson, because D0
3has a heavier mass than φ. All the results of I(p, p) are
independent of ∆m′.
In high-energy heavy-ion collisions at the Relativistic
Heavy Ion Collider (RHIC) and the Large Hadron Col-
lider (LHC), the in-medium mass width of φ meson is
about several MeV [17–27]. In this case, the influence of
the in-medium mass width may decrease the strength of
HBT correlation by about 10% averagely. However, the
in-medium mass width of D0 meson in the collisions may
reach several tens of MeV [28–35]. The suppression on
the strength of the HBT correlation of D0 meson is very
significant.
In summary, the observed identical bosons may have
different masses in the particle-emitting sources because
of the interactions between the bosons and medium.
In this letter, we have studied the influence of the in-
medium mass width of identical bosons on the strength
of HBT correlation. We find that the strength decreases
with in-medium mass width of the identical bosons. This
influence are more significant for the boson with heav-
ier mass and decreases with increasing particle momen-
tum. In high-energy heavy-ion collisions at the RHIC and
LHC, the strength of HBT correlation of φ meson may
reduce by about 10% averagely. However, the influence
on the HBT correlation of D0 meson is very significant.
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